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(b)  Phone  Number: 
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(c)  Cognizant  ONR  Program  Officer: 

Dr.  Kenneth  J.  Wynne 

(d)  Program  Objective: 

The  objective  of  the  research  supported  by  ONR  was  to  develop  strategies  for  controlling 

small-scale  architecture  (i.e.,  order  and  symmetry)  and  morphology  in  polymer  films  and 
membranes  using  monomers  with  self-assembly  properties.  The  goal  of  this  research  was  to 
provide  an  alternative  to  current  fabrication/processing  techniques  for  controlling  these 
parameters  in  polymer  films  and  achieve  a  higher  degree  of  control  over  architecture  on  the 
nanometer-scale.  Specifically,  this  work  concentrated  on  designing  liquid-crystalline  monomers 
for  use  in  the  construction  of  new,  highly  ordered,  polymer  thin  films  and  membranes.  Cross- 
linkable  LC  monomers  would  be  used  to  the  achieve  this  objective.  It  was  proposed  that  the 
resulting  predetermined  small-scale  order  might  have  profound  effects  on  the  bulk  properties  of 
three  classes  of  important  polymeric  materials:  piezoelectric  polymers,  permeable  membranes, 
and  polymeric  hosts  for  dye  lasers. 

(e)  Significant  Results  and  Progress: 

Over  the  brief,  six-month  tenure  of  this  grant,  the  following  progress  has  been  made  in  the 
three  sub-areas  of  the  research  outlined  above: 

(1)  Ordered  Polymer  Networks  for  Piezoelectric  Applications 

The  goal  of  this  work  was  to  design  a  chiral  smectic  C  difunctional  monomer  that  would 
spontaneously  adopt  a  tilted,  noncentrosymmetric  layer  phase  and  then  be  photopolymerized  into 
a  stable,  piezoelectric  polymer  film  with  retention  of  the  LC  order.  The  resulting  network  would 
offer  a  novel  compromise  to  current  single  crystal  piezoceramics  and  poled  piezoelectric 
polymers.  A  single  molecular  system  incorporating  intrinsic  polymerizability,  smectic  C  LC 
behavior,  and  chirality  is  unprecedented.  Our  initial  goal  was  to  synthesize  and  study  a  new  class 
of  LC  diacrylate  monomer  1  that  hopefully  would  provide  all  these  features.  We  succeeded  in 
synthesizing  several  examples  of  1  with  different  tail  lengths;  however  they  did  not  prove  to  be 
liquid-crystalline.  Our  assumption  was  that  the  central  rigid  core  or  the  molecule  was  not 
sufficiently  large  to  induce  liquid-crystallinity.  Consequently,  we  proceeded  on  the  synthesis  of 
a  revised  monomer  2.  We  have  just  managed  to  synthesize  3,  the  penultimate  precursor  to  2,  and 
are  currently  studying  its  LC  properties.  DSC  measurements  have  shown  that  3  has  two  narrow 
but  distinctive  LC  phases:  one  between  room  temperature  and  38  °C  and  the  other  between  38 
°C  and  43  °C.  We  are  currently  in  the  midst  of  determining  the  identity  of  these  phases  using 
polarized  light  microscopy  and  low  angle  x-ray  diffraction. 
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(2)  Ordered  Polymer  Network  Films  as  Hosts  for  Dye  Lasers 

The  objective  of  this  aspect  of  the  research  program  was  to  design  ordered,  crosslinked 
polymer  matrices,  using  new  polymerizable  LC's,  that  would  (1)  address  specific  performance 
criteria  required  for  a  good  dye  laser  host  matrix  and  (2)  introduce  new  properties  to  the  lasing 
medium  as  a  result  of  the  inherent  order.  It  was  hoped  that  a  heavily  crosslinked  yet  highly 
ordered  polymer  matrix  with  the  ability  to  entrap  and  align  organic  laser  dyes  would  enhance 
stability  to  thermal  damage,  lasing  efficiency,  and  perhaps  even  impart  intrinsic  polarized 
emission.  We  have  synthesized  several  LC  monomers  described  in  the  literature,  such  as  LC 
diacp'late  4  (Broer,  Hikmet,  et  al.),  to  construct  ordered  networks.  We  have  just  begun  initial 
studies  incorporating  and  aligning  commercial  laser  dyes  in  these  LC  matrices  in  order  to 
determine  if  this  host  medium  will  introduce  better  properties.  Parallel  to  this  work,  we  have 
also  synthesized  two  novel  crosslinkable  fluorescent  dyes  5  and  6  to  determine  if  (1)  these 
molecules  can  be  aligned  and  then  photopolymerized  into  the  ordered  LC  network  derived  from 
5,  and  (2)  to  compare  their  fluorescence  behavior  in  this  ordered  medium  with  that  in  isotropic 
solution.  Experiments  with  these  molecules  and  networks  have  just  gotten  off  the  ground. 
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(3)  Morphology  and  Small-Scale  Architectural  Control  in  Polymer  Membrane  Synthesis 

A  small  portion  of  the  grant  money  was  also  used  as  seed  money  to  initiate  a  new  research 
project  using  self-assembling  monomers.  The  objective  of  this  work  was  to  determine  if 
lyotropic  (i.e.,  amphiphilic)  LC  starting  materials  could  be  used  to  construct  new  polymeric 
membranes  with  control  over  pore  architecture  and  arrangement  in  the  nanometer  regime.  These 
factors  are  crucial  to  separation  performance  and  selectivity;  however,  current  methods  for 
making  polymer  membranes  have  very  little  control  over  these  factors.  We  have  used  the  ONR 
grant  money  in  part  to  develop  two  novel  amphiphilic  monomers  7  and  8.  Preliminary  results 
have  revealed  that  both  lyotropic  monomer  systems  adopt  the  inverse  hexagonal  LC  phase  in  the 
presence  of  a  small  amount  of  water  and  can  be  photopolymerized  in  situ  with  retention  of  the 
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hexagonal  channel  architecture  (Scheme  1).  These  ordered  polymer  networks  have  the  potential 
to  be  excellent  separation  membranes  because  of  their  regular,  aligned  nanometer-scale  pores. 
X-ray  diffraction  and  preliminary  TEM  analysis  have  shown  that  the  pores  are  approximately  40 
A  in  diameter  and  are  extremely  uniform  in  size.  Preliminary  experiments  have  also  shown  that 
the  potential  exists  for  chemically  tuning  the  pore  size  and  aligning  the  channels  homeotropically 
in  thin  films.  Based  on  these  initial  results,  a  full  research  project  has  been  developed  to 
synthesize  ordered,  nanoporous  polymer  membranes  based  on  these  monomers,  and  a 
collaboration  has  been  established  with  a  chemical  engineering  group  at  North  Carolina  State 
University  to  perform  separation  studies.  This  membrane  technology  has  been  included  as  a  part 
of  a  broad  patent  application. 
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